Crustal Poisson’s ratio anomalies in the eastern part of North China and their origins  by Yang, Wencai et al.
GEOSCIENCE FRONTIERS 2(3) (2011) 313e321available at www.sciencedirect.com
China University of Geosciences (Beijing)
GEOSCIENCE FRONTIERS
journal homepage: www.elsevier.com/locate/gsfORIGINAL ARTICLE
Crustal Poisson’s ratio anomalies in the eastern part
of North China and their originsWencai Yang*, Chen Qu, Changqing YuKey Laboratory of Continental Dynamics, Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China
Received 1 March 2011; accepted 13 May 2011
Available online 29 June 2011KEYWORDS
Seismic tomography;
North China;
Craton crust;
Poisson’s ratio anomaly;
Magma underplating* Corresponding author.
E-mail address: quchen760511@163.c
1674-9871 ª 2011, China University of G
University. Production and hosting by Els
Peer-review under responsibility of Ch
(Beijing).
doi:10.1016/j.gsf.2011.05.016
Production and hosting byAbstract Seismic tomography can provide both fine P-wave and S-wave velocity structures of the crust
and upper mantle. In addition, with proper computation, Poisson’s ratio images from the seismic veloc-
ities can be determined. However, it is unknown whether Poisson’s ratio images have any advantages
when compared with the P-wave and S-wave velocity images. For the purposes of this study, high-
resolution seismic tomography under the eastern part of North China region was used to determine
detailed 3-D crustal P- and S-wave seismic velocities structure, as well as Poisson’s ratio images. Results
of Poisson’s ratio imaging show high Poisson’s ratio (high-PR) anomalies located in the Hengshan-North
Taihang-Zhangjiakou (H-NT-Z) region, demonstrating that Poisson’s ratio imaging can provide new
geophysical constraints for regional tectonic evolution. The H-NT-Z region shows a prominent and
continuous high-PR anomaly in the upper crust. Based on Poisson’s ratio images at different depths,
we find that this high-PR anomaly is extending down to the middle crust with thickness up to about
26 km. According to rock physical property measurements and other geological data, this crustal Pois-
son’s ratio anomaly can be explained by Mesozoic partial melting of the upper mantle and basaltic
magma underplating related to the lithospheric thinning of the North China craton.
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ina University of Geosciences
ElsevierFor nearly 30 years the fact that seismic tomography can be
utilized to investigate both fine P-wave and S-wave velocity
structures of the crust and upper mantle has gained world-wide
acknowledgment (Liu et al., 1986; Nolet, 1987; Yang, 1989; Zhao
et al., 1992; Yang and Li, 1993; Nolet and Ziehuis, 1994;
Pei et al., 2004; Huang and Zhao, 2005; Xu et al., 2006; Zhang
et al., 2006; Yang et al., 2007). The Poisson’s ratio image of the
crust and upper mantle can be determined by proper computation
after P-wave and S-wave velocity imaging. In comparison with
P-wave and S-wave velocity structure images, it is uncertain
whether there is a distinct advantage in using Poisson’s ratio
images or even whether it is necessary to conduct Poisson’s ratio
imaging. To date there have been only a few published on rock
Poisson’s ratio properties and Poisson’s ratio imaging (Xu and
W. Yang et al. / Geoscience Frontiers 2(3) (2011) 313e321314Zheng, 2005; Ji et al., 2007, 2009), due in large part to skepticism of
the earth science community. Research has been conducted using
high-resolution seismic tomography in the eastern part of north
China, where there is abundant seismic tomographic data and P/S-
wave velocity structures have been determined. Poisson’s ratio
images for the crust in this area were computed. Comparing P/S
velocity disturbance images indicates that only one high Poisson’s
ratio anomaly exists in the area, which is clearer than P/S velocity
disturbance anomalous images. So the Poisson’s ratio images can
provide new constraints for regional tectonic evolution.1. Poisson’s ratio image of the crust and its
significance
Given that vP is P-wave velocity, vS is S-wave velocity, and s is
Poisson’s ratio, the relations between these parameters based on
elastic theory are:
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In Eqs. (2) and (3a), k is compressed volume modulus, m is shear
modulus, l is lame coefficient and r is density, which can be
written into
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The definition equation for Poisson’s ratio (3a) can also be
written as
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The two equations (3b) and (3c) indicate that Poisson’s ratio
will not change when P-wave velocity and S-wave velocity
are changed at the same time and it is only related to change of the
P/S velocity ratio.
During theoretical analysis, Eq. (3) can be written as
sZ ð1  m=kÞ=½2 þ 0:333m=k
It is apparent that Poisson’s ratio is a nonlinear function related
to ratio of shear elasticity and variability of volume and it is only
representative for compressible materials of k> 0. Assuming that
mZ 0 (theoretical fluid), then
vS=vPZ 0; sZ 0:5Assuming that mZ l (rigid object), then
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Assuming that mZ k (such as rubber), then
vS=vPZ 3=7Z 0:4286;sZ 0:0 ð7Þ
For homogeneous solids, the Poisson’s ratio of a material which can
withstand strong pressure and shearing such as steel and spinel is
equal to 0.2e0.3. Those solids that can only bear strong pressure, but
weak shearing forces (e.g. concrete) will reduce to nearly 0.1,
whereas those that can bear weak pressure and weak shearing
(i.e. coal) will increase to 0.43. Rocks are howevermulti-phasemedia
with multiple minerals mixed together, for example water saturated
sedimentary rock, l is much greater than m, thus s> 0.25, even up to
0.4. The Poisson’s ratio of coal and shale can be greater in compar-
ison with other rocks under natural condition; while the Poisson’s
ratio of rocks in sandstone and carbonate rock reservoir saturated
with natural gas is less than 0.2, which is equal to that in granite.
Using measurements on core samples produced by Chinese
Continental Scientific Drilling (CCSD), it is possible to calibrate
the Poisson’s ratio for crystalline rocks. Fig. 1 shows the relation-
ship between Poisson’s ratio, velocity ratio and P-wave velocity for
different pressures, Fig. 1 also shows that the Poisson’s ratio for
anorthosite is the highest, the Poisson’s ratio of felsic rocks is the
lowest and the Poisson’s ratio of magnesia rocks is in the middle.
The CCSD main core test data for velocity and Poisson’s ratio’s is
shown in Table 1. Table 1 illustrates that the Poisson’s ratio of
eclogite and basalt is the greatest, mantle peridotite is approxi-
mately 0.25 and the Poisson’s ratio of gneiss and granite is lower. As
a result it can be inferred that a rise of the Poisson’s ratio in the
crustal rocks can be used to indicate the property of the crust rocks
and also reflect the distribution of the basic rocks.
The results of measurement of Poisson’s ratio of rock-forming
minerals indicate that the ratio reflects the key properties amongst
the lattice atoms of rock-forming minerals and the microstructure
characteristics of rock in the extrusion and shearing (such as,
geometric shape and space distribution of microfissure, porosity and
connectivity and continuity of various minerals phases in three-
dimensional space, etc.). The negative Poisson’s ratio occurs
mainly in foam materials and anisotropy materials (such as cristo-
balite). The existence of fluid and melt can enhance the Poisson’s
ratio in rock. However the influence of the main rock-forming rocks
on Poisson’s ratio of rocks is the most important; however, Poisson’s
ratio of rocks is also affected by temperature, pressure, depth and the
age of the rock. The relationship between Poisson’s ratio and density
of rocks is shown in Fig. 2 (Ji et al., 2009). The Poisson’s ratio of
quartz in rock-forming minerals is a minimum (sZ 0.08) while the
Poisson’s ratio of serpentine is a maximum (sZ 0.343). The Pois-
son’s ratio of calcite is quite high (sZ 0.32). The Poisson’s ratio of
potash feldspar and plagioclase is also higher. The Poisson’s ratio of
ordinary pyroxene and of omphacite is similar. In comparison with
ordinary pyroxene, omphacite and jadeite, diopside displays a lower
density but higher Poisson’s ratio. The Poisson’s ratio of ortho-
rhombic pyroxene will increase with an increase of its Fe content.
In Fig. 2 the change of Poisson’s ratio versus density is shown
to be a general circular arc shaped trend line (Ji and Salisbury,
1993; Ji et al., 2002, 2003, 2008; Ji and Xia, 2002). The trend
line presented arch-up in a arcuate way, with a peak of rZ 3.05
g/cm3. For density between rZ 0.26e3.05 g/cm3, the Poisson’s
ratio increased as the density increased. While for density r is
>3.05e3.10 g/cm3, the Poisson’s ratio decreased slowly as the
Figure 1 Poisson’s ratio (equivalently, vP/vS) versus P-wave velocity vP at the pressures characteristic for the (a) 4e8 km depth (2 kb),
(b) 11e15 km depth (4 kb), (c) 31e35 km depth (10 kb).
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quartzite, marble, limestone, anorthosite and serpentinite, deviated
from the general trend line. Olivinite and sediments with strong
serpentinization also deviated from the trend line. All other
common rocks, however, followed or approached the trend line.
Among felsic rocks, such as granite, granodiorite and diorite, the
increase of quartz content will decrease the Poisson’s ratio
of the rocks. The increase of feldspar content will, however, increase
the Poisson’s ratio of the rocks. Basic rocks, such as gabbro, diabase
and metabasite, have a greater Poisson’s ratio. The major reasons are
that these rocks contain less quartz but a large model content of calic
plagioclase. There is no significant change of Poisson’s ratio of basic
granulite ranging from 0.25 to 0.27, equivalent to that of basic gneiss
in Fig. 2. In comparison with gabbro, diabase and mafic gneiss, fresh
olivinite show smaller Poisson’s ratio. However, the Poisson’s ratio
for olivinite would increase with the degree of serpentinization, due
to the very high Poisson’s ratio of serpentine. The Poisson’s ratio of
basaltic rock has a large range of deviation, and it could vary from
0.23 to 0.32. This may be related to quartz and pyroxene content.2. High-resolution seismic tomography in the
eastern part of North China
The eastern part of North China is earthquake prone, and therefore
numerous seismic stations have been established in this region.Table 1 The seismic wave velocity and Poisson’s ratio of cores from
Depth scope
(m)
Main rock types
0e750 Ultramafic rocks and eclogite
750e1120 Paragneiss (biotite plagioclase gneiss) and eclogite
1120e1600 Orthogneiss (felsic gneiss)
1600e2030 Muscovite eclogite
2030e2630 Orthogneiss and paragneiss
2630e3080 Paragneiss and eclogite
3080e3470 Orthogneiss and paragneiss and little eclogite
3470e4160 Orthogneiss and little Paragneiss
4160e5000 Orthogneiss, paragneiss and little eclogiteResearch on P-wave seismic tomography started from the 1980s
onwards with several reports published since then (Liu et al.,
1986; Zhao et al., 1992; Huang and Zhao, 2005; Xu et al.,
2006). S-wave seismic tomography is also a primary method to
study the fabric of the upper mantle, although this was initiated
only later due to difficulties with the technique (Pei et al., 2004;
Xu and Zheng, 2005; Zhang et al., 2006; Ji et al., 2007; Yang
et al., 2007; Ji et al., 2009). The major tectonic units in the
studied area include the North China craton, the Yangtze craton
and part of the Sulu orogen (See Fig. 3). The Tanlu fault zone in
the area extends northward all the way, running through Bohai
Bay and Songliao basin. The Cenozoic rift valley in the North
China craton is distributed far and wide, including the Liao River
rift valley in the north, the Bohai Bay rift system and rift belt of
the North China Plain which contributes to the high geothermal
heat flow in the area. Violent earthquakes therefore occur in the
study area, such as the 8.0 magnitude earthquake in
SanhedPinggu area in 1679; a 8.5 magnitude earthquake in the
Tancheng, Shandong Province in 1668; a 7.2 magnitude earth-
quake in Xingtai, Heibei Province in 1966; a 7.8 magnitude
earthquake in Tangshan, Heibei Province; a 7.1 magnitude
earthquake in Luan County, Heibei Province in 1976 and a 7.5
magnitude earthquake Haicheng, Liaoning Province in 1975.
The seismic tomographic data under study is located between
east longitude 117e123 and north latitude 33e42, the eastern
part of North China collects more than 50,000 P-wave and S-waveCCSD.
Vertical
velocity
(km/s)
Horizontal
velocity
(km/s)
Vertical and
horizontal
velocity ratio
Poisson’s ratio
6.60 3.70 1.78 0.269
5.90 3.43 1.72 0.244
5.58 3.70 1.51 0.109
6.33 4.22 1.50 0.100
5.74 3.68 1.56 0.151
6.00 3.69 1.63 0.198
6.16 4.06 1.52 0.118
6.01 3.72 1.62 0.192
5.69 3.87 1.47 0.069
Figure 2 Poisson’s ratio-density plots for major rock types.
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is better than 0.1 s. The imaging grid interval is 20 km, and
exceeds 50,000 rays (Yang et al., 2007). The two-point seismic ray
tracing method for forward computation of travel time is adopted
in the tomography inversion method, allowing for the seismic
wave velocity to make continuous changes along the grid and
three-dimensional model-space (Nolet, 1987). Due to differences
between real measured travel times and forward computational
travel times, the grid seismic wave velocity disturbance has been
inversed. The LSQR iteration method (Yang and Du, 1992, 1994;
Gercek, 2007) was adopted using a damping factor (Yang and Du,
1994). This method has been successfully applied for oilFigure 3 Remote sensing satellite image of eastern part of North
China, the location of the high Poisson’s ratio area in Hengshan-North
Taihang Mountains.exploration for over 20 years. In the process of oil exploitation,
high Poisson’s ratio belt always acts as important signal for
indicating mudstone plugged zone with small holes of other
sedimentary rocks. Fig. 4a is an image of Poisson’s ratio among
profiles of Shengli oilfield, and it uses the LSQR iteration method
(Yang and Du, 1992, 1994; Gercek, 2007) with damping factor.
According to the checkerboard test, this method possesses
excellent resolution and algorithm stability. Fig. 4b shows
a mudstone plugged zone and possible oil islands inferred from
low Poisson’s ratio belts along the profile. Figs. 5e7 show the
P-wave velocity and S-wave velocity and Poisson’s ratio in
the northern China area obtained through use of this method. The
similarities between Poisson’s ratio images and the oil exploration
data prove the correctness of the Poisson’s ratio imaging method.
3. High Poisson’s ratio anomalies of the crust in the
eastern part of North China
Fig. 7 illustrates the difference between the P-wave velocity, the
S-wave velocity and the Poisson’s ratio of the lowest crust and
upper mantle above and beneath the Moho discontinuity in the
eastern part of North China. The P-wave velocity is dominated by
6.8 km/s and S-wave velocity by 3.95 km/s, whereas the Poisson’s
ratio is dominated by 0.25 above the Moho discontinuity (lowest
crust) in the region, though the figures decrease locally in the
Yanshan and Tanlu Fault Zone. P-wave velocity is dominated by
8.0 km/s and S-wave velocity by 4.3 km/s, while Poisson’s ratio is
dominated by 0.295 below Moho surface (uppermost mantle), and
unusual non-uniform zones decrease obviously. The noticeable
differences between wave velocity of P-wave, S-wave velocities
and Poisson’s ratio in the lowest crust and upper mantle above and
beneath the Moho not only attests to the correctness of the
imaging results, but also shows the tendency that the mantle rocks
are in general more uniform than the crustal rocks.
The Poisson’s ratio image can be adopted through further
computation of P-wave and S-wave velocity data. Compared with
image of P-wave or S-wave velocity disturbance image, the
question remains whether the Poisson’s ratio imaging owns unique
Figure 4 (a) Cross-hole Poisson’s ratio image in Shengli oilfield; (b) The schematic representation of shale blocking layer and oil islands
inferred from Poisson’s ratio imaging.
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After high-resolution seismic tomography was conducted in the
eastern part of North China and the P/S-wave velocity and the
Poisson’s ratio image of the crust in the area were made, it was
important to compare these images in detail. In Fig. 5, a compar-
ison of P-wave, S-wave velocity images and the Poisson’s ratioFigure 5 P-wave and S-wave velocity and Poisson’s ratio images in th
North China. The arrow points the high Poisson’s ratio anomaly.image of the upper crust in the eastern part of North China, shows
that there is a relatively great influence of the sedimentation basin
at a depth of 2 km, however, there is no such influence when the
depth is 12 km. From Fig. 5 it is also clear that areas of low
velocity of P-wave and S-wave in the upper crust are scattered and
great in number. This is related to local depression units ore upper crust at depth of 2 km and 12 km beneath the eastern part of
Figure 6 P-wave and S-wave velocity and Poisson’s ratio images for the middle and lower crust at 20 km and 30 km depths beneath the eastern
part of North China. The arrow points the high Poisson’s ratio anomaly.
W. Yang et al. / Geoscience Frontiers 2(3) (2011) 313e321318orogenic belts. The anomalies on the Poisson’s ratio image are
relatively concentrated, and these are mainly distributed in Yan-
shan and Tanlu Fault Zone. This result may be due to the distri-
bution of the granite batholiths in this area. There is, however, no
such influence of the sedimentation basin when the depth is
12 km, the anomalies on the Poisson’s ratio image turn out to be
great in number and scattered. They are mainly concentrated in
Yanshan and Sulu orogenic belt, and may be the reflection of the
granite batholiths. Fig. 5 also reveals that there is prominent
Poisson’s ratio anomaly existing in the upper crust of the study
area (as shown by the arrow), this is called the Hengshan-North
Taihang-Zhangjiakou (H-NT-Z) High Poisson’s ratio abnormali-
ties. The abnormality is also shown in the P/S-wave velocity
disturbance images, however, it is not so prominent or well-
defined. For example, there are at least three obvious high
S-wave velocity disturbance anomalies on the S-wave velocity
disturbance images. Therefore when compared with P-wave or
S-wave velocity disturbance images, Poisson’s ratio images
possess aunique advantage.
Image of P-wave, S-wave velocity and Poisson’s ratio of
middle and lower crust in the eastern part of North China are
shown in Fig. 6, and the imaging depths are 20 km and 30 km
respectively. On the whole, the main difference between image of
P-wave, S-wave velocity and Poisson’s ratio image of lower crust
are as follows: P-wave and S-wave images have a large number of
small scale anomalies, while the Poisson’s ratio image has very
few small scale anomalies. This is indicative that the mid-crust
possesses low uniformity. The mid-crust is often the source ofearthquakes on land and is also location of crust fluids (e.g. natural
gas pools), of which great economic importance is attached. In
Fig. 6, the H-NT-Z high Poisson’s ratio abnormality still exists but
disappears when it comes to the lower crust. P-wave and S-Wave
velocity and Poisson’s ratio anomalies of lower crust are domi-
nated by the low value abnormality and mainly distributed along
the Yanshan belt.4. Discussion on the cause of abnormal Poisson’s
ratio in HengshandNorth Taihang
P-wave and S-wave velocity of the crust below different moni-
toring stations were calculated by use of three-component data
from a distant earthquake above magnitude 5.5 (Xu and Zheng,
2005). Altogether 58 wide-frequency digital stations in the
northwestern basin-ridge area of Bohai Bay were involved to
compute Poisson’s ratio curves (Xu and Zheng, 2005). Ji and
others have discovered that the trend change of two totally
different Poisson’s ratio anomalies exists in the North China area
(Ji et al., 2009) and the Poisson’s ratio is linearly reduced with an
increase of the crustal thickness in the areas near Baoding e
Datong and Guanting Reservoir-Zhangjiakou-Zhangbei. There-
fore the underplating of the basaltic magma results in the increase
of the crust Poisson’s ratio. However, the Poisson’s ratio is
abruptly and non-linearly reduced with an increase of the crust
thickness in the areas of northeast of Hebei e South Taihang and
West Liaoning, which demonstrates that the thinning of the crust
Figure 7 P-wave and S-wave velocity and Poisson’s ratio images for the bottom of the crust and uppermost mantle at 35 km and 40 km depths
beneath the eastern part of North China.
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middle and upper crust.
Ji et al. (2009) considered that the relationship between crust
thickness and Poisson’s ratio contains important information on
the formation of the continental crust and its structural evolution.
If the crust component of a continent is homogeneous, then, both
the surface and the Moho are formed by the same kind of rock,
and the Poisson’s ratio of the crust will not be influenced despite
a thickening or thinning of the structures. If the crust is formed by
overlapping a series of rocky layers which are extended hori-
zontally in the vertical direction, change will always occur on the
weak layer instead of the strong layer in the process of shortening
(thickening) or extension (thinning) of the structure extruding due
to the different rheological strength possessed by the different
lithologies. Due to the structural extrusion, the felsic rocks with
the same temperature and pressure are easier to form fold and
nappe structures in comparison to the basic rock. This will result
in a reduction of the Poisson’s ratio of the crust due to the increase
in the crust thickness. Delamination results in a reduction of the
basic rocks in the crust as well as the crustal Poisson’s ratio. The
basic magma intrudes into the continental crust from the bottom of
the upper mantle beneath the Moho, which may result in an
increase of the crust’s Poisson’s ratio. It is understood that a strong
extension thinning occurred to the cratonic lithosphere in North
China during the middle Cenozoic era (e.g., Zhang et al., 2011).
As is observed in many areas of the world, North China also
possesses a double-layer structure, of which the upper layer
consists of mainly felsic or acid rocks while the lower part consists
of the basic rock containing more iron and magnesium. Due to the
effect of structural extension, the flow strength of the lower crust’s
ductile deformation is lower than the flow strength of the uppercrust and the flow strength of the lower upper mantle, which
would be analogous to jam between two slices of toasted bread.
The lower crust may become thinner than the upper crust,
resulting in the lower crust’s Poisson’s ratio being reduced with
a decrease of the thickness. However, under the effect of structural
extension, the pressure of some areas (such as deep fractures and
shear zones) is reduced dramatically and melting may be induced
in the upper mantle. The basaltic magma formed is conducted
upwards, underplating beneath the deep crust. This will result in
a volume percentage increase of the basic rocks within the crust.
Under such circumstances, the Poisson’s ratio of the crust is
increased with the decrease of the crust.
There is geological evidence of a mantle magma eruption in the
H-NT-Z during the Cenozoic era (Yang, 2002, 2003), that corre-
sponds to the high Poisson’s ratio anomalies. Due to the increase of
the Poisson’s ratio of the crust caused by underplating of the basaltic
magma, the Poisson’s ratio reduction due to the thinning of the
middle and upper crust was offset and the combination of the two
functions results in the slow linear reduction of Poisson’s ratio with
the increase in the volume of the crust. However, the Poisson’s ratio
image shown indicates that the middle and upper crust of the
anomalies with high Poisson’s area in the H-NT-Z exist and
disappear in the lower crust. This appears to be a contradiction that
underplating of the basaltic magma would cause the increase of
crust Passion’s ratio in the lower crust. Why does the Passion’s ratio
anomaly disappear in the H-NT-Z region?
The geological features of the H-NT-Z region show that the crust
has risen 2000e5000 m since Tertiary and the surface contains the
Datong volcano cluster, the Zhangjiakou volcano rocky land and
other famous eruption belts of themantlemagma.On the other hand,
There are also large number of ultrabasic rocks exposed in the
W. Yang et al. / Geoscience Frontiers 2(3) (2011) 313e321320research area, such as the basic granulite belt inHengshan, the belt in
Wutai and in Fuping North Taihang, etc., which all indicate that
many basic rocks originally located in the middle and lower crust
were pushed to the surface due to tectonic movement during the late
periods. The geophysical data of gravity, seismic and electromag-
netic investigations show that the crustal thickness in this area is
between 36 and 42 km and the impact of the thinning of the crust
during theMesozoic era is not that strong (Bai et al., 1993; Yang and
Wang, 2002; Yang andChen, 2006;Yang et al., 2008). In summary, it
cannot be considered that the crust in the H-NT-Z region was formed
during the late Mesozoic era and caused due to underplating of the
basaltic magma. After the crustal rise since Tertiary, the original
lower crust with high Poisson’s ratio has moved to the middle and
upper crust of high Poisson’s ratio in the H-NT-Z region. The current
lower crust of the anomalous area is the area has changed since the
Tertiary due to the high heat flow in North China. Therefore, no
abnormal high Poisson’s ratio exists in the lower crust today.
Luo et al. (1999) using geological and geochemical data per-
formed comprehensive research on the magmatic activities of the
orogenic belt of the Taihangshan and on the tectonic processes.
Analysis of Sr isotope ratio showed that the magmatic activities
along the intra-continental orogenic belt of the Taihang Mountains
can be divided into three phases: the early phase (170e150 Ma)
mainly contains intermediate magma, coming from upper mantle
or the bottom of the lower crust. The intermediate phase
(124e150 Ma) mainly consists of granite magma, being con-
nected with the melting of the crust; and the late phase
(114e124 Ma) where magma was tapped from of upper mantle or
the bottom of the lower crust. In North Taihang, the negative
anomalies of the trace elements of Pb, Nb, Sr, Ti and Ni show an
increase from earlier to later phase. The depth of the source region
of the magma is 264e337 km; with a shallowing trend from early
to the later phase reflecting the upwelling character of the mantle
magma. This result is in accordance with the hypothesis on
underplating of the mantle magma of the North Taihang. The
strong underplating of the mantle magma of the North Taihang not
only caused the high Poisson’s ratio anomaly, but also resulted in
a local rise of the mantle. The relationship between this geological
mechanism and the intra-continental orogenic belt needs to be
addressed in future studies.5. Conclusions
(1) The Poisson’s ratio is a more stable and continuous parameter
as compared to P-wave and S-wave velocities that spatially
vary rapidly in the same area. This parameter shows the
resistance property of the rock material under the influence of
strong pressure and shearing force. Therefore, after P-wave
velocity and S-wave velocity are imaged, it is advantageous to
compute the Poisson’s ratio. P-wave velocity and S-wave
velocity images in the lower and middle crust in the eastern
part of North China show clear difference from the Poisson’s
ratio image, validating this conclusion.
(2) The areas with low Poisson’s ratio anomalies in the eastern
part of North China is comparatively concentrated and mainly
distributed in the Yanshan range and Tanlu fault zone. This
reflects the distribution of a large number of granitic batholith
and felsic rock within the region. The areas with high Pois-
son’s ratio in the eastern part North China are mainly located
in upper and middle crust of the H-NT-Z region, but disappear
in the lower crust.(3) The areas with abnormally high Poisson’s ratio in the H-NT-Z
region were formed due to the underplating of mantle magma
from the late Mesozoic era. The original lower crust with high
Poisson’s ratio was modified due to the high heat flow value in
North China later, resulting in a disappearance of the high
Poisson’s ratio property.
(4) The strong underplating of mantle magma of the North
Taihang during the Mesozoic era not only contributed to the
Poisson’s ratio anomaly but is also probably responsible for
the rise of the local crust. Geological processes such as this
might exert a key control on the formation of intra-
continental orogens, which need to be addressed in future
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